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We, ROLLS-ROYCE LIMITED, a British 
Company of Nightingale Road, Derby, do 
hereby declare the invention, for which 
we pray that a patent may he granted to 
5 us, and the method by which it is to be 
performed, to be particularly described 
in and by the following statement: - 

This invention concerns gas turbine 
engines and has for its object the pro- 
vision of means to prevent the formation 
of ice on the leading edges of the air 
intakes of the engines. 

According to the present invention 
there is provided a gas turbine engine 
comprising ducting means arranged to be 
supplied with compressed air which has 
been compressed by the compressor means 
of the engine and heated thereby, said 
ducting means being adapted firstly to 
supply said heated air to the interior 
of, compressor blading of the engine and-/ 
or of a strut extending across the air 
intake of the engine, so that the heated 
air passes through said blading and /or 
strut radially inwardly and then radially 
outwardly by way of adjacent passageways 
so as to heat the blading ajid/or strut, 
and thereafter to supply said heated air 
which has passed through said blading 
and/or strut to, so as to effect heating 
of, the leading edge of the air intake* 
The said compressor blading may com- 
prise the first stage stator blades of 
the compressor means while the said cced- 
pressor means may comprise a low pressure 
and a high pressure compressor, the duct- 
ing means being arranged to be supplied 
with air from the downstream end of the 
high pressure compressor. 

Preferably the arrangement is such 
that air from the downstream end of the 
high pressure compressor is conveyed to 
an annular manifold surrounding the up- 
stream end of the low pressure, the air 
in the manifold being caused to flow 
[Price ^ * 



down the centre of tubes, each of which 
is provided in an air intake strut, and 
down the interior of the leading edge ' 
of each first stage stator blade, a por- 
tion of the air after flowing down the 
tubes being caused to flow up the in- 
terior of the leading and trailing edges 
of the intake struts and being exhausted 
into a first annular chamber, the re- 
mainder of the air flowing down the 
tubes being used to heat a bullet-shaped 
baffle in the air Intake of the engine, 
the air after flowing down the leading 
edge of the stator blades being caused 
to flow up the interior of- the trailing 
edges of these blades and being exhausted 
into a second annular chamber, the first 
and second annular chambers being connec- 
ted to a conduit communicating with an 
annular manifold provided within the in- 
terior of the leading edge of the air 
Intake, said .manifold having apertures 
for directing the hot air delivered to 
the manifold from said first and second 
chambers onto the Inner surface of the 
leading edge of the air intake to heat 
it. 

Preferably means are provided for re- 
turning the heated air, which has been 
used to heat the leading edge of the air 
Intake, into the intake duct of the 
engines. 

The invention is illustrated, merely 
by way of example, in the drawings ac- 
companying the provisional specification, 
in whiclu- 

■Figure 1 is an elevation, partly in 
section, of a gas turbine-, Jet propulsion 
engine of the by-pass type embodying the 
present invention, 

Figure 2 is a sectional elevation of 
part of the engine shown in Figure 1, and 

Figures 3, 4, 5, 6 are sections taken 
respectively on the lines 3-3, 4-4, S-5 
and 6-6 of Figure 2. 
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In Figure 1 there is shown a gas tur- 
bine* jet-propulsion engine of the. by- 
pass type for use in propelling an air- 
craft. The engine comprises in flow 
5 series an air intake duct- 10, a low 
pressure compressor 11, a high pressure 
12, combustion equipment 15,'and'high 
and low pressure .turbines 14, 15 respec- 
tively. The exhaust gases from the 

10 turbines 14, 15 are directed through a 
jet pipe 16. 

The high pressure turbine 14 drives 
the high pressure compressor 12 through 
a shaft 17, whilst the low pressure 

15 turbine 15 drives the low pressure com- 
pressor 11 through a shaft 18 which Is 
concentric with and mounted within the 
shaft 17. 

The upstream, or inlet, end of an an- 
20 nular by-pass duct 19, . one of whose walls 
is provided by an engine casing 20, com- 
municates with a space between the low 
and high pressure compressors 11, 12* 
The by-pass duct 19 thus obtains a sup- 
25 ply of compressed air from the low pres- 
sure compressor iii ' The compressed air 
flowing through the by-pass duct 19 by- 
passes the high pressure compressor 12, 
the combustion equipment 13, and the 
30 high and low pressure turbines 14, 15. 
The by-pass air is discharged through 
apertures 21 into the Jet pipe 16 so as 
to mix therein with the turbine exhaust 
gases. 

35 The Intake duct 10 is provided within 
an air intake casing 22, the upstream, 
end of the shaft 18 being journalled 
within bearings 23 which are supported 
from the casing 22 by hollow, vane- 

40 shaped struts 24. The struts 24 {see 
Figure 6} are arranged .tangentially of 
the shaft 18 so as to minimise the risks 
of their buckling when heated. 

An annular manifold 25 is mounted 

46 about the portion of the casing 22 which 
surrounds the air intake struts 24 and 
the first stage stator blades 26 of the 
low pressure, compressor 11. The manl- 
'fold 25 is divided into an upstream 

60 chamber 27, a central chamber 28, and a 
downstream chamber 29. The chambers 27, 
28 are separated from each other by walls 
30j 31 while the chambers 28, 29 are 
separated from each other by a wall 32. 

65 A duct 33, incorporating a shut-off 
cock 34, communicates with the downstream, 
or outlet, end of the high pressure -com- 
pressor 12 and also with the central 
chamber 28. The cock 34 may be manually 

60 controlled or may be automatically con- 
trolled, e.g. by temperature responsive 
means. When the cock 34 is open, air 
which has b.een heated by passing through 
the low and high pressure compressors ii, 

65 12 will be supplied to the central 



chamber 28. 

Extending centrally of each of the air 
Intake struts 24 is a tube 35 whose 
radially inner end is spaced from the 
inner end of the respective strut 24. 70 
The radially outer end of each tube 35. 
communicates with the interior of a cap 
member 36 which is disposed partly with- 
in the manifold 25 and partly within the 
respective strut 24. Each cap member 75 
36. has an aperture 37 therethrough which 
communicates with the central chamber 28 
by means of a tube 38 mounted in the 
walls 30, 31. 

Some of the heated air from the . 80 

central chamber 28 will thus flow through 
the tube 38 and then flow radially in- 
wardly through each tube 35 and will then 
divide so as to flow radially outwardly 
over the leading and trailing, edges of 85 
the respective strut 24 and so into the 
upstream chamber 27. 

The inner ends of the struts 24 are 
contiguous and communicate with each 
other by holes 39 which ensure that the 90 
pressures within the various struts are 
the same. 

Immediately upstream of the struts 24 
is a bullet-shaped, double walled, air 
intake baffle 40. which serves to form 95 
the air flowing through the air intake 
duct 10 into an annular stream suitable 
for passage through the compressor 11. 
Mounted between the Inner and outer walls 
41, 42 of the baffle 40 are a plurality 100 
of tubes 43 each of which communicates 
With the interior of a respective strut 
24; 

Heated air from the inner end of each 
strut 24 may thus flow through a tube 105 
43 and over the walls 41, 42. This 
air will then flow out into the air in- 
take duct 10 through apertures 44, 45 
formed in wall m&mbers of the baffle 40. 

Each of the stator blades 26 is 110 
hollow and has mounted within it a tube- 
46 whose radially inner end is spaced 
from the radially Inner end of the- re- 
spective blade 28. ' Heated" air from 
the chamber 28 may flow radially in- 116 
wardly over the leading edge of the 
blade 26. The tube 46 serves as a 
baffle and the heated: air passes radi- 
ally outwardly up the^ trailing edge of 
the blade 26 and so Into the downstream 120 
chamber 29 via holes 47 in the wall 32. 

A duct 48 communicates with the 
chambers 27, 29 and with a manifold 49' 
disposed adjacent the leading edge 50 
of the. air. intake- casing 22. • The 125 
manifold 49 has ports 51 communicating 
with a channel' 52 formed. between the 
upstream portion of the casing 22 and a 
baffle 53. Heated air, after it has 
been used .to heat the struts 24 and 130 
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blades 26, Is thus passed to the channel 
53 whereby to heat the leading edge 50, 
the air being subsequently returned to 
the air intake duct 10 via holes 54 In 
the casing 22. 

The construction shown in the drawings 
thus provides an economical way of heat- 
ing the blades 26, struts 24, baffle 40 
and leading edge 50 of the air Intake so 
as to prevent icing up of these parts* 

Alternatively the holes 54 may be 
omitted and the air. ejected overboard, 
after heating the leading edge 50. 

WHAT WE CLAIM IS:- 

1. A gas. turbine engine comprising 
-ducting means arranged to be supplied 
-with compressed air which has been com- 
pressed by the compressor means of the 
engine and heated thereby, said ducting- 
means being adapted firstly to supply 
said heated air to the interior* of, 
compressor blading * of the engine and/or 
of a strut extending across the air in- 
take of the engine, so that the heated 
air passes through said blading and/or 
strut radially -inwardly and then radially 
outwardly by way of adjacent passageways 
so* as to* heat the blading and/or strut, 
and thereafter to supply said heated air 
Which has passed through said blading 
and/or strut to, so as to effect heating 
of, the leading edge of the air Intake. 

2. A gas turbine engine as claimed in 
claim 1 in which the said compressor 
blading comprises the first stage stator 
blades of the compressor means. 

3. A gas turbine engine as claimed in 
claim 2 comprising means for causing the 
heated air to flow over the .leading edges 
of the first stage stator blades prior 

to flowing over the trailing edges 
thereof. 

4. A gas turbine • engine as claimed In 
any preceding claim in which the com- 
pressor means comprises a- low pressure 
and a high: pressure compressor, the 
ducting means being arranged to be sup- 
plied with air -from the downstream end 
of the high pressure compressor. 

5. A gas turbine engine as claimed In 
any preceding claim, comprising means for 
returning the heated air, which has been 
used to heat the leading edge of the air 
Intake, into the Intake duct of the 
engines. 



6. a gas turbine engine as claimed, in 
claim 4 in which the -arrangement is such 
that air from the downstream end of the 
high pressure compressor is conveyed to" 
an annular manifold surrounding the up- 60 
stream end of the low pressure compressor, 
the air in the manifold being caused td 
flow down the centre, of tubes, each' of 
which is provided in an air Intake strut, 
and down the interior of the leading 65 
edge of each first stage stator blade, a 
portion of the air after flowing down 
the tubes being caused to flow up the 
interior of the leading and trailing 
edges of the intake struts and being ex- 70 
hausted into a first annular chamber, . the 
remainder of the air flowing down the 
tubes being used to heat a bullet-shaped 
baffle in the air Intake of the engine, 
the air after flowing down the leading 76 
edge of the stator blades being caused to 
flow up the interior of -the trailing 
edges of these blades and being exhausted 
into a second annular chamber; the first 
and second annular chambers being con*- 80 
nected to a conduit communicating with 
an annular manifold provided within the 
interior of the leading edge of the air 
intake, said manifold having apertures 
for directing the hot air. delivered to 85 
the manifold from said first and second 
chambers onto the inner surface of the 
leading edge of the air intake to heat 
It. 

7. A gas turbine engine substantially 90 
as described with reference to and as 
shown in the drawings accompanying the 
provisional specification. 



J. MILLER & CO*, 
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Improvements in or relating to gas turbine engines 



We, ROLLS-ROYCE LIMITED, a British 
95 Company, of Nightingale Road, Derby, do 
hereby declare this invention to be 



described in the following statement: - 
This invention concerns gas turbine 
engines and has for its object the 
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provision of means to prevent the forma- 
tion- of ide on the leading edges of the 
air intakes of the engines. 

According to the present invention 
6 there is provided a gas turbine engine 
comprising ducting means arranged* to be 
supplied with air which has been com- . 
pressed by the compressor means of the 
engine and heated thereby, said ducting 

10 means being adapted firstly to supply- 
said heated air to, so as to heat the 
interior of compressor blading and/or of* 
" a strut extending across the air intake 
of the engine, and thereafter to supply 

15 said heated air to, so as to effect 
heating of, the leading edge of the air* 
intake. 

The said compressor blading may com- 
prise the first stage stator blades of 

SO the compressor means While the said 
compressor means may comprise a low 
pressure and a high pressure compressor, 
the ducting means being arranged to be 
supplied with air from the downstream 

26 end of the high pressure compressor* 
Preferably- air* from the downstream 
end of the high pressure compressor is 
-conveyed" to an annular manifold surround- 
ing the upstream end of the low pressure 

30 compressor, the air in the manifold -be- 
ing caused to flow down the centre of a 
tube provided in each air intake strut 
and down the interior of the leading 
edge of each first stage 'stator blade, 

35 a portion of the air after flowing down 
the tubes being caused to flow up the 
interior of the leading and trailing 
edges of the intake struts and being ex- 
hausted into a first annular chamber, 

40 the remainder of the air flowing dovm 
the tubes being used to heat a bullet- 
shaped baffle in the aiT intake of the 
engine, the air after- flowing down the 
leading edge of the stator'blades being 

45 caused to flow up the interior of the 
trailing edges of these blades and being 
exhausted into a second annular chamber, 
the first and second- annular chambers 
being connected to a. conduit ' communica- 

60 ting with an annular manifold provided 
within the interior of the- leading edge 
of the air intake, said manifold-having 
apertures for directing the hot air de- 
livered to the manifold from said first 

55 and second chambers onto the inner sur- 
face of the leading edge of the air 
intake to heat it. 

Preferably means are provided for 
returning the heated air, which has been 

60 used to heat the leading edge of the air 
intake, into the intake duct of the 
engines. 

The invention is illustrated, merely 
by way of example, in the accompanying 
65 drawings in which: - 



Figure i is ah elevation, partly in 
section, of a gas turbine, jet reaction 
engine and of the by-pass type embodying 
the present invention, 

Figure 2 is a sectional elevation of 70 
part of the engine shown in Figure 1, and 

Figures 3, 4, 5, 6 are sections taken 
respectively on the lines 3-3, 4-4, 6-5, 
and 6-6 of- Figure 2. 

In Figure 1 there is shown a gas tur- 76 
bine, Jet-reaction engine of the by-pass 
type for use in propelling an aircraft. 
The engine comprises in flow series an 
air intake duct 10, a low pressure ii, a 
high pressure compressor 12, combustion 80 
equipment 13' and high and low pressure 
turbines 14, 15 respectively- The ex- 
haust gases from the turbines 14, 15 are 
directed through a Jet pipe 16. 

The high pressure turbihe 14 drives 86 
the high pressure compressor 12 through 
a shaft 17, whilst the low pressure tur- 
bine 15 drives the low pressure compres- 
sor 11 through a shaft 18 which is con- 
centric with and mounted within the 90 
shaft 17. 

The upstream, or inlet, end of an an- 
nular by-pass duct* 19, one of whftse walls 
is provided by an engine casing 20, com- 
municates with a space between the low 96 
and high pressure compressors-li, 12. The 
byrpass duct 19 thus obtains a supply of com- 
pressed air from the low pressure compressor 
11. The compressed air* flowing through 
the by-pass duct 19 by-passes the high 100 
pressure compressor 12, the combustion 
equipment 13, and the high and low pres- 
sure turbines 14, 15. The by-pass air 
is discharged through apertures 21 into 
the Jet pipe 16 so as to mix therein 105 
with the turbine exhaust gases. 

The intake duct 10 is provided with- 
in an air intake casing 22, the upstream 
end of the shaft 18 being Joumalled 
within bearings 23 which are supported 110 
from the casing 22 by hollow, vane- 
shaped struts 24. The struts 24 (see 
Figure 8) are arranged tangentially of 
the shaft 18 so as to minimise the 
risks of their buckling when heated. 116 

An annular manifold 25 is mounted 
about the portion of the casing 22 which 
surrounds the air intake struts 24 and 
the first stage stator blades 28 of the 
low pressure compressor 11. The marii- 120 
fold 25 is divided, into an upstream 
chamber 27, a central chamber 28, and a 
downstream chamber 29. The chambers 
27, 28 are separated* from each other by 
walls 30, 31 while the chambers 28, 29 125 
are separated f rcra each other by a wall 
32. 

* A. duct 33, incorporating a shut-off 
cock 34, communicates with the down- 
stream, or outlet, end of the high 130 
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pressure compressor 12 and also with the 
central chamber 28. The cock. 34 may be 
manually controlled or may be automatic- 
ally controlled - e.g. by temperature 

6 responsive means. When the cock 34 Is 
open, air which has been heated by pass-* 
Ing through the low and high .pressure 
compressors 11, 12 will be supplied to 
the central chamber 28. 

10 Extending centrally of each of the 
air intake struts 24 is a tube 35 whose 
radially inner end is spaced from the 
inner end of the respective 1 strut 24; 
The radially outer end of each tube 35 

15 communicates with the interior of a cap 
member 36 which is disposed partly with- 
in the manifold 25 and partly within the 
respective strut 24. Each cap member 
36 has an aperture 37 therethrough which 

20 communicates with the central chamber 28 
by means of a tube 38 mounted in the 
walls 30, 31. 

Some of the heated air from the 
central chamber 28 will thus flow through 

25 the tube 38 and then flow radially In- 
wardly through each tube 35 and will 
then divide so as to flow radially out- 
wardly over the leading and trailing 
edges of the respective strut 24 and feo 

30 into the upstream chamber 27. 

The inner ends of the struts 24 are 
contiguous and communicate with each 
other by holes 39 which ensure that the 
pressures within the various struts are 

35 the same. 

Immediately upstream of the struts 24 
is a bullet-shaped, double walled, air 
intake baffle 40 which sentes to form 
the air flowing through the air intake 

40 duct 10 into an annular 'stream- suitable 
for* passage through the compressor 11. 
Mounted between the Inner and outer walls 
4i; 42 of the baffle 40 are a plurality 
of tubes 43 each. of which communicates 

45 with the interior of a respective strut 
24. 



Heated air from the inner end of each 
strut 24 may thus flow through a tube 43 
and over the walls 41, 42. This air 
will then flow out into the air intake 50 
duct 10 through apertures 44, 45 formed 
in wall members of the baffle 40. 

Each of the stator blades 26 is 
hollow and has mounted within it a tube 
46 whose radially inner end is spaced 55 
from the radially inner end of the re- 
spective blade 26. Heated air from the 
chamber 28 may flow radially inwardly 
over the leading edge of the blade 26. 
The tube 46 serves as a baffle and the 60 
heated air passes radially outwardly up 
the trailing edge of the blade 28 and 
so into the downstream chamber 29 via 
holes- 47 in the wall 32. 

A duct 48 communicates with the 66 
chambers 27, 29 and with a manifold 49 
disposed adjacent the leading edge 60 of 
the air intake casing 22. The manifold 
49 has ports 51 communicating with a 
channel 52 formed between the upstream 70 
portion of the casing 22 and a baffle 63. 
Heated air, after it has been used to 
heat the struts 24 and blades 26, is 
thus passed to the channel 53 whereby to 
heat the leading edge 50, the air being 76 
subseauently returned to the air intafcfc 
duct 10 via holes 64 in the casing- 22* 

The construction shown in tshfe draw- 
ings thus provides an economical way of 
heating the blades 28, struts 24, baffle 80 
40 and leading edge 60 of the air intake 
so as to prevent icing up of these parts. 



J. MILLER & CO*, 
Chartered Patent Agents, 



Bank Chambers* 
329 High Holborn, 
London, W+C.l. 



Printed in England by Her Majestyts Stationery Office - 1981. 
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, 
from which copies may be obtained. 



879,621 PROVISIONAL SPECIFICATION 

<?• SHEETS This drawing is a reproduction 

the Original on a reduced sea/, 

SHEETS / d 2 





